The disorderly expansion of urban built-up land is a global issue. It is of great significance to guide urban land use scientifically through the analysis of geographical features to identify the mechanisms that underlie differences in urban built-up land expansion. We selected Changsha and Zhengzhou in China, whose built-up areas during the initial period of study had different natural geographical features, but similar human geographical features, and systematically explored the development and evolution characteristics of the natural and human geographical features from 1990 to 2010 using a landscape metrics analysis and an urban built-up land intensive use analysis. We found that (1) although human beings have a strong ability to transform nature, they have to rely on the natural endowment of the land to develop the cities and, thus, have formed different landscape patterns and levels of urban built-up land intensive use; (2) in places where the natural geographical features are more restrictive, land-use policy-makers are more cautious in their decision-making, which more closely links the land-use policies and human geographical features, thereby simultaneously increasing the degree of intensive built-up land use and reducing the number of problems that arise from urban built-up land expansion. This research can provide a reference for the development of policies for urban built-up land use in Changsha and Zhengzhou. It also can provide ideas for how to implement different built-up land management policies for other cities with different natural and human geographical features.
Introduction
Urbanization is a process of mass accumulation of human beings, materials, and energies. Regional concentration inevitably gives rise to a series of environmental and ecological problems, such as urban built-up land expansion [1] [2] [3] [4] , a shortage of water resources, urban heat islands [5, 6] , air pollution [7] , traffic congestion, and so on. As one of the key issues of urbanization, the expansion of urban built-up land is a common phenomenon that is associated with urbanization around the world. The blindness of urban built-up land expansion and disordered planning have led to the uncontrolled conversion of cultivated land into built-up land, which has created food security problems and landless farmers in some countries [8] . At the same time, urban built-up land expansion and encroachment on natural forests land and lakes have also produced ecological problems, which have seriously threatened the survival of urban residents and species richness [9] . Governments have begun to realize the seriousness of the problems that have been caused by the urban built-up land expansion, and they are making great efforts to readjust and upgrade the industrial structure and land use for sustainable urban development [10, 11] . Therefore, scientifically analyzing the differences in the expansion of urban built-up land will help us to understand the factors that affect urban expansion in different cities, formulate plans for urban land use, and control urban sprawl rationally.
The studies of urban built-up land expansion have covered a wide range of topics. One of the most important topics are the factors that drive urban built-up land expansion. Scholars around the world have done a lot of exploration of the factors that drive urban built-up land expansion in countries such as the United States, India, Iran, Spain, and China [12] . These driving factors include social and economic development [13] [14] [15] [16] , policies [17] [18] [19] [20] [21] [22] , population [23, 24] , and transportation [25] [26] [27] . Besides, many scholars have focused on the spatial scales [28] [29] [30] , internal structures [31] [32] [33] , landscape features [34] [35] [36] , and simulated and predicted methods [29, 37, 38] . As a summary, previous studies have focused on how economic and social factors drive urban built-up land expansion and the regular changes in its structure, or have analyzed the economic and social factors that cause such structural changes by combing the distribution of the built-up land and its expansion characteristics. This paper will focus on whether geographical features impact urban built-up land expansion, and if so, by how much. A further question to ponder is: what role do geographical features play in the expansion of urban built-up land? The answers to these questions will allow us to effectively guide the sustainable expansion of these cities.
Although a few studies have concentrated on comparing the urban built-up land expansion in different cities [39, 40] , they didn't reveal any differences in terms of geographical features and only analyzed the factors that caused these differences. Therefore, in this paper, we have selected two cities that have similar economic and social conditions, which means that they have similar human geographical features, but had quite different natural geographical features during the initial period of study. Due to the difference between natural will and human will, mankind will continue to transform the natural geographical features and develop human geographical features in the coming decades, but they will encounter great difficulties due to their limited capability to transform these features. Will doing this lead to differences in human geographical features and in urban built-up land intensive use after several decades? This study explores whether the landscape patterns and the economic-social structure have undergone profound changes according to a landscape metric analysis and an urban built-up land intensive use analysis, and analyzes the mechanism that underlies urban built-up land expansion ( Figure 1 ). in the expansion of urban built-up land will help us to understand the factors that affect urban expansion in different cities, formulate plans for urban land use, and control urban sprawl rationally. The studies of urban built-up land expansion have covered a wide range of topics. One of the most important topics are the factors that drive urban built-up land expansion. Scholars around the world have done a lot of exploration of the factors that drive urban built-up land expansion in countries such as the United States, India, Iran, Spain, and China [12] . These driving factors include social and economic development [13] [14] [15] [16] , policies [17] [18] [19] [20] [21] [22] , population [23, 24] , and transportation [25] [26] [27] . Besides, many scholars have focused on the spatial scales [28] [29] [30] , internal structures [31] [32] [33] , landscape features [34] [35] [36] , and simulated and predicted methods [29, 37, 38] . As a summary, previous studies have focused on how economic and social factors drive urban built-up land expansion and the regular changes in its structure, or have analyzed the economic and social factors that cause such structural changes by combing the distribution of the built-up land and its expansion characteristics. This paper will focus on whether geographical features impact urban built-up land expansion, and if so, by how much. A further question to ponder is: what role do geographical features play in the expansion of urban built-up land? The answers to these questions will allow us to effectively guide the sustainable expansion of these cities.
Although a few studies have concentrated on comparing the urban built-up land expansion in different cities [39, 40] , they didn't reveal any differences in terms of geographical features and only analyzed the factors that caused these differences. Therefore, in this paper, we have selected two cities that have similar economic and social conditions, which means that they have similar human geographical features, but had quite different natural geographical features during the initial period of study. Due to the difference between natural will and human will, mankind will continue to transform the natural geographical features and develop human geographical features in the coming decades, but they will encounter great difficulties due to their limited capability to transform these features. Will doing this lead to differences in human geographical features and in urban built-up land intensive use after several decades? This study explores whether the landscape patterns and the economic-social structure have undergone profound changes according to a landscape metric analysis and an urban built-up land intensive use analysis, and analyzes the mechanism that underlies urban built-up land expansion (Figure 1 ). 
Study Area

Changsha
Changsha is located in the middle reach of the Yangtze River. Changsha has six core districts and one county, and hosts two county-level cities that are within five national development zones and nine provincial industrial zones. It is the center for politics, economics, culture, science-education, and business in Hunan province. Its annual GDP reached 851.113 billion RMB in 2015, up by 9.9 percent over the previous year, which included an added value of 34.178 billion RMB from the primary industry, an added value of 447.82 billion RMB from the secondary industry, and an added value of 369.015 billion RMB from the tertiary industry. In 2015, the registered population was 6.804 million in the city, and it has increased rapidly every year.
Changsha has a total area of 11,816.0 km 2 , and its built-up area is 363.69 km 2 . The city has an annual mean temperature of 18.6 • C. The maximum temperature exceeds 37.8 • C in summer and drops to a minimum of −0.1 • C in winter. The climate is mild and the seasons are clear. From the topography and the geomorphology, the terrain is complex. It comprises alluvial plains on both sides of the Xiangjiang River, and mountains and low hills are around the city. Dawei Mountain is the highest mountain in Changsha and is 1607.9 m above sea level. Cezhan Lake has the lowest elevation in Changsha and is 23.5 m above sea level. The Xiangjiang River flows from south to northwest across the city.
Zhengzhou
Zhengzhou is an important city in the central region of China (112
It is the country's important integrated transport hub, the core city of the Central Plains Economic Zone, and is located in the south of the North China Plain along with the Yellow River. The city is the political, economic, cultural, science-education, and business center of Henan province. Its annual GDP reached 731.15 billion RMB in 2015, up by 10.0 percent over the previous year, which included the primary industry contributing an added value of 15.090 billion RMB, the secondary industry contributing an added value of 360.42 billion RMB, and the tertiary industry contributing an added value of 355.64 billion RMB. The city's population was 9.569 million in 2015.
In addition, Zhengzhou has six districts, five county-level cities, and one county. It has a total area of 7446 km 2 , and a built-up area of 437.6 km 2 . The temperature ranges from 2.15 • C to 25.9 • C. Winter is dry and cold, and rain and snow are scarce. Spring is dry with a little rain. Summer is hot and autumn is cool. From the topography and the geomorphology, Zhengzhou includes minor mountains in the Southwest, and the built-up area of Zhengzhou is mainly comprised of alluvial plains. The Yellow River runs along the region and delineates the northern boundary of Zhengzhou (Figure 2 ).
This study analyzes the urban built-up land expansion in Zhengzhou and Changsha. Zhengzhou and Changsha are both in China's abdomen, and are both national center cities. Also, they are connected by a North-South axis and are crossed by the main traffic road that connects the South and North. Zhengzhou is the capital city of Henan province, which carries 5000 years of history in China. Changsha is the capital of Hunan province, which carries the history of the modern Chinese military revolution and the development of the Chinese Communist Party. In summary, considering the extreme similarities between the cities, this study would analyze the characteristics of urban built-up land expansion purely from the perspective of geographical features, so as to deeply reveal the mechanism that underlies urban built-up land expansion. 
Material and Methods
Data Description
We used multispectral remote sensing images to study the urban land expansion process, which included the Landsat TM images for 1990, 1995, 2000, and 2005 , and the Landsat ETM+ images for 2008 and 2010. The resolution of the remote sensing image data is 30 m × 30 m. We used a combination of supervised classification and manual interpretation (using ENVI5.3 and maps in Google Earth) to classify and interpret the images. The processing resulted in five major classes: cultivated land, green land (forest, grassland), water, built-up land, and unused land. These five major classes contained 25 subtypes. The built-up land class included urban built-up land, rural built-up land, and other builtup land, which are the main types of land that reflect urban land expansion.
In addition to using the mentioned remote-sensing data, this paper also used two types of nonremote sensing data: one type to reflect the features of natural geography, and the other to reflect the features of human geography. The natural geography data included a digital elevation model (DEM) from the geospatial data cloud platform (http://www.gscloud.cn), and data on a river system that have been derived from the visual interpretation of remote-sensing images for Changsha and Zhengzhou. Also, we had collected a large amount of statistical data from the statistics bureau. These data included demographic and economic data, such as population, GDP, and industrial structure data, statistical data on population, which mainly referred to the census registered population, and statistical data on industrial structure, including the classifications of primary industry, secondary industry, and tertiary industry. The DEM was mainly utilized to analyze the topography of an urban expansion boundary and restrictive topographical factors for regional urban development. 
Material and Methods
Data Description
We used multispectral remote sensing images to study the urban land expansion process, which included the Landsat TM images for 1990, 1995, 2000, and 2005 , and the Landsat ETM+ images for 2008 and 2010. The resolution of the remote sensing image data is 30 m × 30 m. We used a combination of supervised classification and manual interpretation (using ENVI5.3 and maps in Google Earth) to classify and interpret the images. The processing resulted in five major classes: cultivated land, green land (forest, grassland), water, built-up land, and unused land. These five major classes contained 25 subtypes. The built-up land class included urban built-up land, rural built-up land, and other built-up land, which are the main types of land that reflect urban land expansion.
In addition to using the mentioned remote-sensing data, this paper also used two types of nonremote sensing data: one type to reflect the features of natural geography, and the other to reflect the features of human geography. The natural geography data included a digital elevation model (DEM) from the geospatial data cloud platform (http://www.gscloud.cn), and data on a river system that have been derived from the visual interpretation of remote-sensing images for Changsha and Zhengzhou. Also, we had collected a large amount of statistical data from the statistics bureau. These data included demographic and economic data, such as population, GDP, and industrial structure data, statistical data on population, which mainly referred to the census registered population, and statistical data on industrial structure, including the classifications of primary industry, secondary industry, and tertiary industry. The DEM was mainly utilized to analyze the topography of an urban expansion boundary and restrictive topographical factors for regional urban development.
The Geographical Features Analysis
There are two types of geographical features: natural geographical features and human geographical features. Natural geographical features refer to features such as location, topography, climate, hydrology, soil, biology, and land-use types. Considering that the topography, land-use types, and geographical features have an obvious impact on urban built-up land expansion, we chose the degree of relief, the average slope, and the proportion of different land-use types as the indicators to reflect the differences in natural geographical features (Table 1) . proportion of cultivated land P c = S c /S a where Sc is the cultivated land in the study area and Sa is the total area in the study area proportion of forest P f = S f /S a where S f is the cultivated land in the study area and S a is the total area in the study area
Human geographical features cover features such as population, industrial structure, social culture, and economic aggregates. Therefore, household population, the proportion of primary industry, secondary industry, and tertiary industry, public finance expenditure, public revenue, gross domestic product, and the investment volume were selected to represent the human geographical features (Table 2) , characterize the changes in human geographical features under human transformation by establishing a human geographical indicator system, and identify the differences between the human geographical features in the two cities. 
The Landscape Metrics Analysis
This paper established a set of landscape metrics that link geographical features with urban built-up land expansion. The metrics were mainly selected from area and edge metrics, shape metrics, and aggregation metrics. The set included the number of patches (NP), the patch density (PD), the largest patch index (LPI), the perimeter-area fractal dimension (PAFRAC), the contagion index (CONTAG), and the interspersion and juxtaposition index (IJI). Among the metrics, the PAFRAC reflects the shape complexity across a range of spatial scales (patch sizes); the shape is regular and simple if the value is close to 1, which also indicates that the degree of human interference is greater; conversely, if the value is close to 2, the shape is complex. The CONTAG describes the degree of agglomeration or extension in the landscape. The dominant patch type has a good connection to the landscape when the CONTAG value is larger; on the contrary, when the CONTAG value is smaller, the landscape is characterized by a variety of landscape types and the degree of landscape fragmentation is high. The IJI reflects the landscape isolation distribution characteristics of those patch types that are severely restricted by certain natural conditions; a landscape has a better isolation distribution with higher values of IJI. All of the landscape metrics that have been chosen are related to the geographical features, especially the natural geographical features, and have been calculated through the Fragstats 4.2 platform.
The Urban Built-Up Land Intensive Use Analysis
The variables for urban built-up land intensive use were chosen from the land input intensity and the land output efficiency. Land input intensity refers to the funds or labor that are put into the land, and is the consequence of human activities. Land output efficiency refers to the economic value that is gained on a unit of land. Therefore, this paper chose the fixed assets investment per unit of land (FAIPUL), the public finance expenditure per unit of land (PFEPUL), the population density (PODE), the GDP per unit of land (GDPPUL), the land-use elasticity coefficient of population (LUECP), and the land-use elasticity coefficient of GDP (LUECGDP) as the indicators to reflect the degree of urban built-up land intensive use, all of which are related to the geographical features, especially the human geographical features.
Results
The Comparsion of the Geographical Features
Land-Use Change
Based on the results from the land-use classification for 1990, 1995, 2000, 2005, 2008 , and 2010, the change in the land-use types was analyzed in the two cities, and an obvious change in the composition of the different land-use types was found. However, the change was different for each city. In Zhengzhou, the proportion of built-up land increased from 17.97% to 48.98% during the period 1990-2010; however, the proportion of the cultivated land and green land decreased from 68.11% to 42.11% and from 2.21% to 0.49%, respectively. Also, the proportion of water area decreased from 11.14% to 8.42%. Similarly, in Changsha, the proportion of built-up land increased from 28.56% to 60.42%, during the period 1990-2010; however, the proportion of cultivated land, green land, and water area decreased from 37.93% to 14.57%, from 21.26% to 15.30%, and from 12.13% to 9.70%, respectively. The trend of changes is similar between Zhengzhou and Changsha ( Figure 3) . landscape when the CONTAG value is larger; on the contrary, when the CONTAG value is smaller, the landscape is characterized by a variety of landscape types and the degree of landscape fragmentation is high. The IJI reflects the landscape isolation distribution characteristics of those patch types that are severely restricted by certain natural conditions; a landscape has a better isolation distribution with higher values of IJI. All of the landscape metrics that have been chosen are related to the geographical features, especially the natural geographical features, and have been calculated through the Fragstats 4.2 platform.
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Results
The Comparsion of the Geographical Features
Land-Use Change
Based on the results from the land-use classification for 1990, 1995, 2000, 2005, 2008 , and 2010, the change in the land-use types was analyzed in the two cities, and an obvious change in the composition of the different land-use types was found. However, the change was different for each city. In Zhengzhou, the proportion of built-up land increased from 17.97% to 48.98% during the period 1990-2010; however, the proportion of the cultivated land and green land decreased from 68.11% to 42.11% and from 2.21% to 0.49%, respectively. Also, the proportion of water area decreased from 11.14% to 8.42%. Similarly, in Changsha, the proportion of built-up land increased from 28.56% to 60.42%, during the period 1990-2010; however, the proportion of cultivated land, green land, and water area decreased from 37.93% to 14.57%, from 21.26% to 15.30%, and from 12.13% to 9.70%, respectively. The trend of changes is similar between Zhengzhou and Changsha ( Figure 3) . The proportion of cultivated land in Zhengzhou was higher than that in Changsha, and almost remained stable; however, the proportion of cultivated land in Changsha had a significant reduction from 2008 to 2010. The trend of reduction in the proportion of cultivated land in Changsha was also The proportion of cultivated land in Zhengzhou was higher than that in Changsha, and almost remained stable; however, the proportion of cultivated land in Changsha had a significant reduction from 2008 to 2010. The trend of reduction in the proportion of cultivated land in Changsha was also more obvious from 2008 to 2010. In terms of the proportion of green land, that in Changsha was obviously higher than that in Zhengzhou, and the proportion of green land in Zhengzhou was slowly decreasing at the same time. However, the proportion of green land in Changsha rose sharply from 2005 to 2010, which shows that the living environment in Changsha was continuously being improved, while the opposite was true for Zhengzhou.
The Natural Geographical Features
The degree of relief in Changsha was larger than that in Zhengzhou, and the undulation of the terrain was larger in Changsha. Moreover, the proportion of green land in Changsha was much larger than the proportion of green land in Zhengzhou and the proportion of cultivated land in Zhengzhou accounted for a large proportion of its total land from the land-use change, which indicates a great relationship with the degree of relief. From the perspective of the remote-sensing images, Changsha was surrounded by forests and Zhengzhou was surrounded by cultivated land. The average slope was 5.50 in Zhengzhou, and the average slope was 6.25 in Changsha (Table 3) . 
The Human Geographical Features
As can be seen from Figure 4 , the indicators of human geographical features have shown regular and continuous growth in the two cities; however, the growth rate is different. The two cities exhibited different trends in household population growth. Zhengzhou's household population showed explosive growth during the next two decades; however, Changsha's increased slowly (Figure 4a ). The growth trend of different industrial output value was different. The output value of Changsha's primary industry had always been higher than that of Zhengzhou's. However, the growth trends of the secondary industry and the tertiary industry were similar, which led to the amount of gross domestic product being basically the same from 1990 to 2010 (Figure 4b,c,d,g ). In addition, Changsha's public finance expenditure growth trend was similar to Zhengzhou's, and Changsha's investment volume growth trend was also similar to Zhengzhou's. Nevertheless, Changsha's public revenue fluctuated sharply in 2008; afterward, the amount of public revenue in Changsha was larger than that in Zhengzhou's (Figure 4e,f,h ). 
The Natural Geographical Features and the Landscape Metrics of Urban Built-Up Land
In terms of NP in the built-up area, the number of patches in Zhengzhou was significantly larger than that in Changsha (Figure 5a ). The patch density showed a declining trend year by year, and there was an obvious decrease in Zhengzhou, which indicates that the urban built-up land in Zhengzhou was relatively fragmented (Figure 5b) . However, the largest patch index increased from 1990 to 2010 (Figure 5c ). 
In terms of NP in the built-up area, the number of patches in Zhengzhou was significantly larger than that in Changsha (Figure 5a ). The patch density showed a declining trend year by year, and there was an obvious decrease in Zhengzhou, which indicates that the urban built-up land in Zhengzhou was relatively fragmented (Figure 5b) . However, the largest patch index increased from 1990 to 2010 (Figure 5c ).
From the perspective of the perimeter-area fractal dimension, the value of Zhengzhou's had been smaller than that of Changsha's for the past 20 years, which showed that Zhengzhou's landscape had strong regularity and was simple, but that the contrary was true in Changsha (Figure 5d ). The value of urban built-up landscape contagion index in both cities had been increasing from 1990 to 2010, indicating that the urban built-up land in each city was constantly connected; however, the value of Changsha's contagion index experienced a significant decline from 1995 to 2008; this was mainly due to the restriction of the natural geographical features in Changsha. Overall, the landscape connectivity in Changsha was always better than that in Zhengzhou (Figure 5e ). On the other hand, Changsha and Zhengzhou have both had to adopt loose land policies to stimulate economic growth because of the economic downturn caused by the economic crisis, which also led to the disorderly expansion of urban built-up land. Thus, the contagion index dropped in both cities around 2008. We had chosen IJI (the interspersion and juxtaposition index) to describe the correlation among rural residential land, urban built-up land, and other built-up land in different cities. Zhengzhou's IJI value was smaller than Changsha's. Even after some years had elapsed, the correlation degree remained at 0, which showed that Zhengzhou had a strong grip on the expansion of urban built-up land. The reason for this was that Zhengzhou's natural geographical features were relatively simple (Figure 5f ).
We argue that the expansion of urban built-up land had a high correlation with the natural geographical features of Zhengzhou. Because the degree of relief and the average slope in Zhengzhou were less than those in Changsha, the land development costs were lower, resulting in the disorderly expansion of urban built-up land. From the perspective of the perimeter-area fractal dimension, the value of Zhengzhou's had been smaller than that of Changsha's for the past 20 years, which showed that Zhengzhou's landscape had strong regularity and was simple, but that the contrary was true in Changsha (Figure 5d ). The value of urban built-up landscape contagion index in both cities had been increasing from 1990 to 2010, indicating that the urban built-up land in each city was constantly connected; however, the value of Changsha's contagion index experienced a significant decline from 1995 to 2008; this was mainly due to the restriction of the natural geographical features in Changsha. Overall, the landscape connectivity in Changsha was always better than that in Zhengzhou (Figure 5e ). On the other hand, Changsha and Zhengzhou have both had to adopt loose land policies to stimulate economic growth because of the economic downturn caused by the economic crisis, which also led to the disorderly expansion of urban built-up land. Thus, the contagion index dropped in both cities around 2008. We had chosen IJI (the interspersion and juxtaposition index) to describe the correlation among rural residential land, urban built-up land, and other built-up land in different cities. Zhengzhou's IJI value was smaller than Changsha's. Even after some years had elapsed, the correlation degree remained at 0, which showed that Zhengzhou had a strong grip on the expansion of urban built-up land. The reason for this was that Zhengzhou's natural geographical features were relatively simple (Figure 5f ).
We argue that the expansion of urban built-up land had a high correlation with the natural geographical features of Zhengzhou. Because the degree of relief and the average slope in Zhengzhou were less than those in Changsha, the land development costs were lower, resulting in the disorderly expansion of urban built-up land. 
The Human Geographical Features and the Level of Urban Built-Up Land Intensive Use
Whether it was the fixed assets investment per unit of land (Figure 6a) , the public finance expenditure per unit of land (Figure 6b ), or the GDP per unit of land (Figure 6d) , the growth rate of Changsha had been faster than that of Zhengzhou during the past two decades, which shows that the level of built-up land intensive use in Changsha was higher than that in Zhengzhou, and the land-use efficiency in Changsha was higher at the same time. From another point of view, the urban built-up land expansion in Zhengzhou was more obvious in terms of changes in human geographical features, as economic and social development have both had a strong dependence on the built-up land expansion.
Judging from the population density (Figure 6c) , the density became smaller as time went by in both cities, and Zhengzhou's population density was lower than Changsha's. However, Zhengzhou's population was larger than Changsha's, which shows that the built-up land use in Zhengzhou was more extensive than that in Changsha. From the perspective of the land-use elasticity coefficient of population (Figure 6e ) and the land-use elasticity coefficient of GDP (Figure 6f ), Changsha showed a negative value in 2000. The reason for this was that the value of land growth in the built-up land was negative according to the original data. On the other hand, the value of the two indicators was larger before 2000, which reveals that land was not the major driving factor of economic growth at that time. However, after 2000, the two indicators showed violent fluctuations. The value of the two indicators in Changsha has been larger than the value of the two indicators in Zhengzhou since 2005, which shows that population and economic growth in Zhengzhou were becoming increasingly dependent on the expansion of urban built-up land, while the dependence of Changsha on urban built-up land was lower.
Regarding the regularity of human geographical features, the level of built-up land intensive use does not show regular changes in the human geographical features; on the contrary, it presents greater volatility. This shows that the expansion of urban built-up land is driven by the human geographical features. More importantly, it is also affected by other factors such as relevant land use policies and the natural geographical features. 
The Differentiation Analysis of the Influence of Human and Natural Geographical Features
We calculated the PCC of the landscape metrics and the indicators of urban built-up land intensive use in Zhengzhou and Changsha (Table 4) . From the results, we found a strong correlation between NP and PODE, PD and LUECP, LPI and PODE, PAFRAC and PODE, PAFRAC and GDPPUL. Overall, the landscape pattern is only highly correlated with PODE, which indicates that human geographical features also have an important impact on the landscape pattern. However, there are significant differences in the impact of human geographical features and natural geographical features on urban built-up land use. The role that human geographical features play is to drive the expansion of built-up land. Natural geographical features are either convenient or limiting to the expansion of built-up land. 
Discussion
The rapid expansion of urban built-up land is a problem that every city has to face. In this paper, we chose to study Changsha and Zhengzhou, two cities in China, and analyzed their geographical features and the differences in the urban built-up land expansion under different geographical features in detail. The reason for selecting Changsha and Zhengzhou as the study area was that the social and economic conditions of the two cities are very similar, but their natural geographical features had great differences in 1990. However, urban built-up land expansion in Changsha and Zhengzhou showed different characteristics under the influence of different geographical features after two decades.
In summary, the most direct manifestation of the change in urban built-up land expansion was the change in the landscape pattern. The existing research is based on the changes in the land landscape pattern and analyzes the causes of urban land landscape changes. The reason for the change of the landscape pattern in Europe is the abandonment of land, which has mainly been due to economic and social growth, transportation, and the transformation and utilization of human beings, especially for urban land use [41] [42] [43] [44] [45] . However, human beings have a limited ability to transform nature. At the existing level of social and economic development, the natural geographical features impose a great restriction on urban built-up land use, which has also led to large differences in landscape patterns in Changsha and Zhengzhou. For example, there are many mountains in Changsha, and the difficulties that arise in using them make the landscape more fragmented. Zhengzhou is mainly comprised of plains and has more cultivated land; therefore, urban built-up land expansion is low-cost, resulting in an overall strong landscape pattern change and rapid expansion.
We also find that, with the dramatic changes in human geographical features such as population and economic structure, the expansion of urban built-up land is inevitable, and there is a positive correlation between them, which is basically consistent with the findings of previous studies [46] [47] [48] . Human geographical features, such as population, are the dominant drivers of urban built-up land expansion; however, population, the economic structure, and other factors are independent of land-use policies, which explains why land intensive use is not as regular as human geographical features: specific policies are constantly changing. Moreover, we find that the natural geographical features affect the level of built-up land intensive use, because it involves the cost of land for economic and social development. For instance, high mountains and rich water systems make land development costs increase, and lead governments to choose policies that develop flat land with lower development costs, resulting in a large amount of cultivated land being occupied as built-up land [49, 50] . However, with the continuous expansion of the urban built-up land, the costs increase more and more. Finally, urban built-up land begins to expand internally. Judging from the comparison between Changsha and Zhengzhou, the expansion of urban built-up land in Zhengzhou is more extensive. It is necessary to strengthen the connection between land-use policies and human geographical features, formulate more rational land-use policies, and get rid of dependence on land economy.
Conclusions
On the one hand, different geographical features have always influenced the development cost and development direction of urban built-up land; the sequence and manner of the influence of natural and human geographical features are also different in urban built-up land expansion, which, in turn, reflect in the spatial pattern and utilization efficiency of land. In detail, relatively simple natural geographical features lead to lower costs of urban built-up land development, therefore, they are more dependent on the land economy, which leads to rapid expansion of urban built-up land with a lower degree of urban built-up land intensive use, and is reflected on the landscape pattern. However, if the changes of human geographical features are obvious, such as the high growth of economy or population, which are bound to be constrained by the features of natural geography, these lead to the expansion of built-up land with a high level of land intensive use, and also reflect on the landscape pattern.
On the other hand, the economic and social development of the region with complex natural geographical features needs to consider making the quality land exert its maximum value because of the limitations to the natural geographical features. Land-use policies of the region which have complex natural geographical features are closely related to human geographical features, such as economic structure. However, land-use policies of the region which have simple natural geographical features are relatively more independent. The expansion of urban built-up land is not only driven solely by human geographical features, but is also influenced more by natural geographical features than we have imagined, which are often overlooked and even one-sided. Therefore, in the management of urban built-up land, we should focus on the analysis of natural geographical features in the first place, and then analyze the human geographical features or economic structure, so as to make differentiated built-up land management policies. The conclusions of this paper can provide reference for the cities with different human geographical features and natural geographical features that are making plans on urban built-up land management.
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